In our recent study, we proved that the original plant of 'Yakatsu', one of the ancient medicines stored more than 1250 years ago in Shosoin repository in Japan, was Gelsemium elegans BENTH.
The markedly diverse and complex architectures of the alkaloids have attracted the attention of many phytochemists and synthetic chemists. In the course of our chemical studies on the Gelsemium alkaloids, we isolated three new oxindole alkaloids (1-3) and one new iridoid (4), together with ten known compounds from the stems and leaves of cultivated Carolina jasmine (Gelsemium sempervirens AIT. f.). In this paper we describe the structure elucidation of the new compounds.
The dried stems of G. sempervirens AIT. f. (1.29 kg) were extracted with MeOH to give the MeOH extract (129.8 g). The crude alkaloidal fraction (4.32 g) was obtained by a conventional procedure from a portion of the MeOH extract (70.3 g) and purified by SiO 2 column chromatography to afford three new alkaloids, GS-1 (1, 1.5 mg), GS-2 (2, 45.7 mg), and GS-3 (3, 3.5 mg), and one new iridoid, GSIR-1 (4, 15.8 mg), together with seven known alkaloids, two known iridoids, and scopoletin. The new compounds, GS-2 (2, 3.7 mg) and GSIR-1 (4, 4.1 mg), were also isolated from the fresh leaves of G. sempervirens AIT. f. (996.4 g), accompanied by three known alkaloids, and one known iridoid.
The high resolution (HR)-FAB-MS spectrum of the new alkaloid GS-1 (1) gave a protonated molecular ion peak at m/z 387. HMBC correlations between the protons of H-3, H-15, and H-16 and the carbon at d 66.4 demonstrated that C-14 had a hydroxyl group. From these data, 1 was deduced to be 11-methoxy-14-hydroxy-19-oxo-gelsenicine. The stereochemistry of the hydroxyl group at C-14 was evidenced by the H-14 (J 3,14 ϭ1.9 Hz) signal that shows coupling only with H-3 and not with H-15; the dihedral angle between H-14 and H-15 is ca. 90 degrees as depicted in Fig. 2 .
The molecular formula of the second new alkaloid GS-2 (2) was established to be C 20 H 25 N 2 O 5 from the HR-FAB-MS spectrum (m/z: 373.1748 [MH] ϩ ), which indicated that 2 had an extra CH 2 O compared to the known alkaloid, 14-hydroxygelsenicine (6).
6) The UV and NMR spectra revealed the existence of a 6-methoxyoxindole nucleus. The 1 H-NMR spectrum was very similar to that of 14-hydroxygelsenicine (6), except for the signals of the aromatic protons and the signal indicative of a methoxy group on the A ring at d 3.93. In the 13 C-NMR spectrum, signals indicative of C-14 possessing a hydroxyl group and the C-20 imine carbon were observed at d 66.3 and d 181.1, respectively. The HMBC spectrum showed correlations between the protons of H-5, H 3 -18, and H 2 -19 and the carbon at d 181.1. Therefore, 2 was deduced to be 11-methoxy-14-hydroxygelsenicine. The stereochemistry of the hydroxyl group at C-14 was shown to be b-orientated by the coupling constant (J 3,14 ϭ2.2 Hz) of the proton at C-14, as in the case of GS-1 (1).
The molecular formula of the new alkaloid GS-3 (3) was established to be C 20 H 25 N 2 O 6 from the HR-FAB-MS spectrum (m/z: 389.1703 [MH] ϩ ). The UV and NMR spectra revealed the existence of a 6-methoxyoxindole nucleus. The 1 H-and 13 C-NMR spectra were very similar to those of the known alkaloid, gelsemoxonine (9), 7) the structure of which was recently revised to be a novel azetidine-containing indole alkaloid. Signals characteristic to the azetidine ring carbons, C-5 (d 55. 8 A ring had a methoxy group at the C-11 position. From these data, 3 was deduced to be 11-methoxygelsemoxonine.
The circular dichroism (CD) spectra of the three compounds (1-3) were similar to that of gelsemicine (7), 8, 9) the absolute configuration of which was already established, 10) indicating that 1-3 possessed absolute configurations as depicted in Fig. 1 .
The HR-FAB-MS spectrum of the new iridoid 4 gave a protonated molecular ion peak at m/z 183. implied that GSIR-1 (4) had an iridoid skeleton. HMBC correlations between the ester carbonyl carbon at d 171.2 and the two exomethylene protons due to H 2 -3, the oxygenated proton due to H-6, and H-5 were observed. Furthermore, HMBC correlations between H-5 and the two alkenyl carbons at C-3 and C-4 were observed. From these data, the gross structure of GSIR-1 was elucidated. The relative stereochemistry between H-5, H-6, H-9 and H 3 -10 was analyzed to be all cis from nuclear Overhauser effect (NOE) observations, as shown in Fig. 4 . Compound 4 was prepared from the known iridoid, gelsemiol (10), 11) by treatment with aqueous alkaline solution. All the spectroscopic data of hemi-synthetic compound ( 1 H-and 13 C-NMR, UV, CD) were identical with those of the natural product. Therefore, the structure and the relative stereochemistry of GSIR-1 were assigned to be formula 4. Plant Material The cultivated Carolina jasmine was harvested from the medicinal plant garden of Chiba University, Japan in August 2000.
Extraction and Isolation of New Compounds, GS-1 (1), GS-2 (2), GS-3 (3) and GSIR-1 (4). From Stems
The dried stems of G. sempervirens AIT. f. (1.29 kg) were extracted with hot MeOH five times to give the MeOH extract (128.9 g). A portion of the MeOH extract (70.3 g) was dissolved in 1 N HCl (1.2 l) and extracted with ethyl acetate (1.8 l). After the ethyl acetate layer was extracted with 1 N HCl (600 ml), the combined acidic layer was basified with Na 2 CO 3 at 0°C (pH 9) and extracted with 5% MeOH/CHCl 3 (4.2 l) to give the crude alkaloidal fraction (4.32 g). The crude alkaloid was separated by SiO 2 open column chromatography with CHCl 3 /MeOH gradient elution to give 12 fractions: fr. S1 (CHCl 3 , 2% MeOH/CHCl 3 , 14.6 mg), fr. S2 (5%, 6.3 mg), fr. S3 (5%, 163 mg), fr. S4 (8%, 95 mg), fr. S5 (8%, 121 mg), fr. S6 (8%, 278 mg), fr. S7 (10-15%, 1255 mg), fr. S8 (20-25%, 480 mg), fr. S9 (25-30%, 247 mg), fr. S10 (30% MeOH/CHCl 3 , 157 mg), fr. S11 (MeOH, 328 mg) and fr. S12 (MeOH, 437 mg). Fr. S3 was separated by SiO 2 open column chromatography (CHCl 3 /AcOEt/MeOH gradient). The 10-15% MeOH/CHCl 3 eluate was purified by SiO 2 open column chromatography (MeOH/CHCl 3 gradient or AcOEt/MeOH gradient) and then by MPLC (AcOEt) to afford GS-1 (1, 1.5 mg) and GS-3 (3, 3.5 mg). The 20-50% AcOEt/CHCl 3 and 10% MeOH/CHCl 3 eluate was purified by MPLC (40% AcOEt/CHCl 3 or AcOEt) to give GSIR-1 (4, 15.8 mg). Fr. S6 was purified by SiO 2 open column chromatography (CHCl 3 /MeOH gradient or AcOEt/MeOH gradient) and then by MPLC (30% MeOH/AcOEt) to afford GS-2 (2, 37.3 mg). Compound 2 (8.4 mg) was also obtained from fr. S4 and S5. Other isolated compounds were gelsemine (668 mg), gelsevirine (10.5 mg), 4,20-dehydrogelsemicine (1.9 mg), 12) 11-methoxyhumantenine (28.5 mg), 19Z-akuammidine (14.5 mg), gelsemicine (7, 85.6 mg), sempervirine (12.1 mg), gelsemiol (10, 76.3 mg), 7-deoxygelsemide (19.3 mg), and scopoletin (9.0 mg). 4,20-Dehydrogelsemicine was isolated from the Genus Gelsemium for the first time.
From Leaves The fresh leaves of G. sempervirens AIT. f. (996.4 g) were extracted with hot MeOH five times to give the MeOH extract (217.6 g). The crude alkaloidal fraction (7.59 g) was obtained using the same procedure as that described above from a portion of the MeOH extract (214.9 g). A portion of the crude alkaloid (7.42 3 , 57.5 mg) and fr. L8 (MeOH, 203.7 mg). Fr. L2 was purified by SiO 2 flash column chromatography (CHCl 3 /AcOEt gradient). The 20-30% AcOEt/CHCl 3 eluate (830 mg) was separated by SiO 2 flash column chromatography (40% AcOEt/n-hexane) and then by MPLC (50% AcOEt/ CHCl 3 ) to afford GSIR-1 (4, 4.1 mg). The MeOH eluate (955 mg) was purified by Al 2 O 3 column chromatography (30% AcOEt/CHCl 3 ) and MPLC (6% MeOH/CHCl 3 or 10% MeOH/AcOEt) to give GS-2 (2, 3.7 mg). Other isolated compounds were gelsemine (227.9 mg), 11-methoxyhumantenine (13.1 mg), gelsemicine (7, 13.1 mg), and 7-deoxygelsemide (55.8 mg).
GS-1 (1) concentration of MeOH, cold 10% HCl aq. was added to the reaction mixture and the whole mixture was extracted with CHCl 3 . The organic layer was washed with brine, dried over MgSO 4 and evaporated. The residue was purified by SiO 2 open column chromatography (1% MeOH-CHCl 3 ) to afford GSIR-1 (4, 1.1 mg, yield 12%).
